Albumin elimination rates were determined in 3-, 12-, 24-and 36-month-old female WAG/Rij rats. No change in elimination half-life was found with age. However, as there was an increase in the whole-body albumin pool, a concomitant increase in albumin clearance was observed at between 12 and 36 months of age. It was concluded that the increase in clearance between 12 and 24 months of age was only due to a change in the animal's physiology, whereas between 24 and 36 months of age it was also due to changes in the albumin molecule. The age-related changes in albumin clearance were thought not to be caused by changes in the albumin excretion via the urine or via the gastrointestinal tract.
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Proteins play essential roles in the function and viability of cells in all living organisms. Therefore changes in protein synthesis and/or eliminationt could be among the most important mechanisms involved in aging. Although the age-related changes in protein synthesis have been extensively studied over the last decade, only a little information is available on the age-related changes in protein elimination (Richardson, 1981; Richardson & Birchenall-Sparks, 1983) .
Since the liver has a high protein-synthesizing activity, this organ has been chosen by many investigators for the study of changes in the capacity for protein synthesis with age (for a review, see van Bezooijen, 1978) . One of the few specific liver proteins of which the age-related changes in its synthesis has been studied is albumin. Studies in vitro with liver microsomes isolated from male Fischer 344 rats showed an increase in albumin synthesis between 1.5-and 24-month-old animals (Chen et al., 1973) . van Bezooijen and co-workers showed that the capacity of hepatocytes isolated from female WAG/Rij rats to synthesize albumin was less at 24 months than at 3 and 12 months of age, whereas it was higher at 30 and 36 months of age as compared with the 12-and 24-month values (van Bezooijen et al., 1976; van Bezooijen & Knook, 1977) . Studies in vivo on age-related changes in albumin synthesis were performed by t In the present paper we define elimination as the sum of all the degradation and excretion processes.
Vol. 216 Beauchene et al. (1970) , Salatka et al. (1971) and Ove et al. (1972) . They all found an increase in albumin synthesis with age among the age groups investigated: 11-and 28-month-old male and female Wistar rats (Beauchene et al., 1970 ), 1.5-and 20-month-old female Fischer rats (Salatka et al., 1971) and 1-and 20-month-old female Fischer rats (Ove et al., 1972) . With regard to age-related changes in albumin elimination, only a few reports have been published (Salatka et al., 1971; Ove et al., 1972; Quinn et al., 1973) . These investigators, however, expressed the elimination rate of albumin as a relative index, the elimination half-life, t4,el. Only Quinn et al. (1973) found a change in this index with age in mice, where the elimination half-life was sharply increased very late in life. Because they only looked at the plasma compartment and not the whole-body albumin pool, they were not able to determine the absolute albumin elimination rate. This study will focus on the age-related changes in the absolute albumin elimination rate and on the contribution of urinary excretion to it.
Materials and methods Animals and materials
Female WAG/Rij rats were maintained under 'clean conventional' conditions as described in detail by Hollander (1976 
The clearance is used as an index for the absolute albumin elimination rate. These characteristics have been defined by Gibaldi & Perrier (1975) .
A lbumin concentration in urine and plasma
The albumin concentration in urine and plasma was determined by radial immunodiffusion as described by Mancini et al. (1965) .
The whole-body albumin pool and the absolute and fractional rate ofalbumin elimination With the use of the plasma albumin concentration, the data for apparent volume of distribution and clearance can be extrapolated in terms of the whole-body albumin pool and the absolute and fractional rates of albumin elimination. The wholebody albumin pool can be calculated by:
Vd x plasma albumin concentration (mg) Firstly, each rat was injected intravenously with albumin isolated from 3-month-old rats. In this approach, age-related changes in the elimination of the albumin were due only to physiological changes in the animal.
Vol. 216
Secondly, the same rats were i venously with albumin isolated from rt age as the recipient. This approach related changes in the elimination of a a combination of physiological ch animal and changes in the albumin mo Plasma radioactivity of albumin 3-month-old rats was plotted semil against the time after injection. injected intragroups. From the individual plasma radioactivity ats of the same curves, the elimination half-life, the apparent volume revealed -ageof distribution and the clearance were calculated. Llbumin due to Age-related changes in these three characteristics are anges in the shown in Table 1 . Although there are no major lecule.
changes with age in the elimination half-lives for isolated from albumin, the values for clearance and apparent logarithmically volume of distribution are higher at 24 months of 2 shows the age than at 3 and 12 months of age. At 36 months of r the four age age, only the clearance is significantly higher than at 3 months of age. Plasma clearance studies of albumin isolated from rats of the same age as the recipient were made in o, 3-month-old rats the same rats as used for the elimination studies a, 12-month-old rats 24-month-old rats mentioned above. Mean plasma radioactivity curves 36-month-old rats for the four age groups are shown in Fig. 3 .
Age-related changes in the characteristics calculated from the individual plasma radioactivity curves are shown in 24-month-old animals are observed.
Dactivity was
The influence of the age of the rats from which the al time points albumin was isolated on ti,el, Vd and Cl is shown in ro timne was ter 2, 3 and Table 1 . Albumin isolated from rats of the same age S+ S.D. for a as the recipient and from 3-month-old rats was administered to 12-, 24-and 36-month-old rats; Table 1 . Age-related changes in elimination half-life (t+,el), apparent volume of distribution (V,) and clearance (Cl) ofradioiodinated albumin infemale WAG/Rij rats Albumin isolated from rats of the same age as the recipients and from 3-month-old rats was administered to 12-, 24-and 36-month-old rats; albumin isolated from 3-and 36-month-old rats was administered to 3-month-old ones. Time (h) Fig. 3 . Mean plasma radioactivity curves oa injection of albumin isolatedfrom rats of the the recipient into rats ofdifierent age s '"5I-albumin was used. Experimental d given in Fig. 2 Plasma albumin concentrations were determined in the same rats as used for constructing the plasma activity curves. The results are given in Table 2 . No significant changes in the albumin concentration in plasma with age can be seen.
Urinary excretion ofalbumin
Animals were kept in metabolic cages for 24 h and supplied with water and food ad libitum. The urine was collected and the amount of albumin excreted was determined. The results are presented in Table 2 .
These data on albumin excretion in the urine show an enormous increase with age. However, comparing the urinary albumin excretion with the total albumin elimination, it can be seen that the urinary excretion contributes only 0.1-2.4% to the total elimination of albumin in these rats (Table 2) .
Gastrointestinal protein loss
Protein loss through the intestinal wall was determined with the 51CrC13 method. The results are given in Table 3 . No significant changes in gastrointestinal protein loss with age can be seen. Table 2 . Influence of age on plasma albumin concentration, the whole-body albumin pool, the absolute and fractional rate ofalbumin elimination and the urinary albumin excretion infemale WAG/Rij rats Plasma and urinary albumin concentrations were determined in rats that were used in the elimination experiments. Albumin concentrations in plasma and urine were determined by radial immunodiffusion. The whole-body albumin pool and the absolute and fractional rates of albumin elimination were calculated from the values for apparent volume of distribution and for clearance obtained after injection of age-matched albumin. Values are expressed as means + S.D. Numbers of animals are given in parentheses. Key to superscripts: avalue differs significantly (P<0.05) from 3-month value; bvalue differs significantly (P < 0.05) from 12-month value; cvalue differs significantly (P < 0.05) from 24-month value. Parameter Age (months) Plasma albumin concentration (mg/ml) Whole-body albumin pool (mg) (11) 2.4 + 1.4ab (7) 16 ± 16abc (6) 0.7 + 0.5ab (7) 2.4 + 1.9abc (6) Vol. 216 (Beauchene et al., 1970; Salatka et al., 1971; Ove et al., 1972; Chen et al., 1973; van Bezooijen et al., 1976; Bezooijen & Knook, 1977) . By using different experimental procedures, rat strains and sexes, they all found elevated values for albumin synthesis in old rats. One of the possible explanations for the increase in albumin synthesis was that the liver had to compensate for an increase in albumin excretion via the urine due to kidney insufficiency, as suggested by Beauchene et al. (1970) . Indeed, in a variety of rat strains, an increase in urinary excretion of albumin with age was found (Beauchene et al., 1970; Obenrader et al., 1974; Alt et al., 1980) . However, very little attention was paid to age-related changes in total albumin elimination. No changes in the elimination half-life for albumin with age were found in rats (Salatka et al., 1971; Ove et al., 1972) , but no determination of the absolute elimination rate of albumin was made.
The work reported here showed age-related changes in the absolute albumin elimination rate in female WAG/Rij rats and, by determination of the urinary albumin excretion in the same rats, the contribution of the changes in this excretion to the changes in the total elimination. We have chosen an experimental set-up in which we were able to determine whether changes in albumin elimination were due to changes in the physiology of the animal and/or to changes in the albumin molecule.
After injection of albumin isolated from rats of the same age as the recipient, the clearance was found to change with age. The value for clearance was higher at 36 months of age than at 24 months of age. At 24 months of age a higher value for clearance as compared with 12-month-old rats was observed (Table 1) . However, no change in elimination half-life for albumin with age was seen. This observation is in agreement with the results on elimination half-lives as published by Salatka et al. (1971) and by Ove et al. (1972) . Concomitant with the increase in clearance with age, an increase in apparent volume of distribution was seen. Since the plasma albumin concentration was constant throughout the lifespan of female WAG/Rij rats, the increase in apparent volume of distribution reflected an increase in the whole-body albumin pool (Table 2) .
After injection of albumin isolated from 3-monthold rats into these animals, no increase in clearance was found between 24-and 36-month-old rats. The increase in albumin clearance between 12-and 24-month-old rats, however, was still present (Table  1) . Furthermore, rats of 12 and 24 months of age clear albumin isolated from rats of their own age in the same way as that isolated from 3-month-old ones (Table 1 ). These observations indicated that the increase in albumin elimination between 12-and 24-month-old rats was not caused by a change in the albumin molecule but by a change in the physiology of the animal.
The higher value for the absolute elimination rate of albumin in 36-month-old rats as compared with that of 24-month-old ones (Table 2 ) might be due to changes in the albumin molecule in this time interval. However, since 3-month-old rats did not eliminate the albumin isolated from 36-month-old ones in a way different from the elimination of their own albumin, the albumin of 36-month-old rats could not be the sole cause of the change in absolute albumin elimination rate at between 24 and 36 months of age (Table 1) . Table 2 shows the enormous increase in urinary albumin excretion at between 12 and 24, and 24 and 36, months of age. The age-related changes in absolute albumin elimination rate could not be attributed to this increase in urinary albumin excretion, since it was calculated that the high excretion rate at 36 months of age contributes only 2.4% to the total elimination of albumin in the old rats. Therefore, since the old rats were able to eliminate up to 98% of the eliminated albumin via pathways other than the urinary excretion, it could be concluded that the increase in albumin excretion in the urine was not the trigger for the increase in albumin synthesis with age in this rat strain, as suggested by Beauchene et al. (1970) for male and female Wistar rats.
Another excretion process that could influence the albumin elimination with age is protein loss through the gastrointestinal wall. (van Tongeren & Reichert, 1966) .
The cause for the increase in the absolute albumin elimination rate with age is presently unknown. This should be the aim of future research.
